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Boucrot et al. (2012) demonstrate a membrane fission mechanism independent of nucleotide hydrolysis that
is based on membrane insertion of amphipathic helices. They show that, for N-BAR domain proteins, which
promote membrane curvature but also contain amphipathic helices, fission is opposed by the BAR domain
that stabilizes tubular membrane structures.The exchange of material between
and within cells is an essential compo-
nent of cell life. In eukaryotic cells this
exchange is achieved by membrane-
bound structures called transport carriers
that shuttle cargo between cellular com-
partments, in addition to trafficking nutri-
ents and signaling molecules between
cells. The generation of these carriers
involves deformation and detachment
of small vesicles from a parent mem-
brane. Historically, vesicle formation has
been attributed to two classes of protein
with distinct functions (McMahon and
Gallop, 2005): those that sculpt the
membrane and those that cleave the
vesicle from its donor. Sculpting pro-
teins are able to curve membranes by
two well-studied mechanisms: by in-
serting their amphipathic helices into
the bilayer and by presenting a rigid
scaffold that molds the membrane.
Cleaving proteins, on the other hand,
promote membrane fission through two
processes: dynamin, dynamin-like pro-
teins, or ESCRT-III complexes (Hurley
and Hanson, 2010) bud vesicles off by
converting the chemical energy of GTP
or ATP hydrolysis into a squeezing ac-
tion on the membrane neck (Pucadyil
and Schmid, 2009); alternatively, pro-
teins such as actin may induce a
membrane-demixing transition, and the
resulting line tension between lipid
domains would lead to the formation of
shrinking necks and to their severing
(Allain et al., 2004).
Now, in their paper published this
month in Cell, Boucrot et al. (2012) chal-
lenge the prevailing view of the division
of labor between those proteins thatshape and those that cut membranes.
They show that proteins with an N-BAR
domain—a crescent-shaped BAR back-
bone flanked by terminal amphipathic
helices, known to generate membrane
curvature (Peter et al., 2004)—can also
induce fission by insertion of their
helices. A main finding of their work
is that shallow hydrophobic insertions,
such as the N-terminal amphipathic
helices of the ENTH domain of epsin,
cause scission, whereas the scaffold pre-
sented by the BAR domain is an antago-
nist, stabilizing highly curved membrane
necks. N-BAR domain-containing pro-
teins are thus hybrid, and whether or
not they predominantly act to stabilize
membrane curvature or to perform fis-
sion depends on the hydrophobicity and
the number of amphipathic helices per
protein.
The work by Boucrot et al. (2012)
is a comprehensive study, combining
theoretical predictions with in vivo and
in vitro experiments. To begin, the
authors develop a model to predict the
effects on membrane fission of the com-
peting roles of hydrophobic insertions
and protein scaffolding. Their semi-
quantitative thermodynamic model is
based on the respective contributions
to the membrane’s elastic energy of
protein insertions into the bilayer and
binding of the BAR domain to the mem-
brane. Protein insertion favors an expan-
sion of the outer leaflet of the membrane,
thus destabilizing saddle-shaped regions
such as membrane necks, leading to
scission and small-vesicle formation.
The scaffold-forming, crescent-shaped
BAR domain, however, favors stableDevelopmental Celtubular membranous structures and
disfavors scission (Figure 1). The two
key parameters in their model are the
protein-to-lipid ratio, x, and the ratio of
their bending rigidities, kp / km. This
second parameter reflects the balance
of insertion versus scaffolding, with small
values of kp / km favoring insertion and
large ones favoring scaffolding. They
present their theoretical predictions in
a phase diagram as a function of these
two parameters, predicting that for fixed
x, flat membranes vesiculate into small
vesicles for small kp / km, whereas contin-
uous, tubular structures are favored for
large kp / km. This theoretical model is
then used to understand their experi-
mental work.
Experimentally, Boucrot et al. demon-
strate that the ENTH domain of epsin,
which forms an amphipathic helix
when bound to PIP2 lipids but bears no
scaffold-forming domain, can result in
membrane fission. Through depletion
by RNAi, they show that epsin is re-
quired for the fission stage of clathrin-
mediated endocytosis. When overex-
pressed, epsin can even compensate
for the absence of dynamin for endocy-
tosis. To focus attention on the inser-
tion-mediated fission mechanism, they
perform an in vitro cosedimentation
assay on liposomes incubated with the
ENTH domain of epsin. Their findings
are intriguing: contrary to what is usually
expected, in which the protein-bound
liposomes sediment in the pellet, protein
and membrane were largely found in the
supernatant. They inferred from this that
the original liposome had divided into
smaller vesicles by the action of thel 22, April 17, 2012 ª2012 Elsevier Inc. 691
Figure 1. Amphipathic Helices Induce Fission, whereas BAR
Domains Stabilize Bud Necks
BAR domains (green) stabilize tubular region of neck, and helix-containing
proteins (blue) favor scission. Zoom: membrane curvature is indicated by
black dashed lines, and curvature induced by helical insertions is indicated
by red dashed lines. Mismatch between membrane and protein curvature
destabilizes the neck.
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rates electron microscopy
observations, showing ex-
tensive vesiculation of lipo-
somes by the epsin ENTH
domain.
To establish that insertion
of amphipathic helices is the
cause of membrane fission,
the authors compare dif-
ferent epsin mutants with
varying membrane-binding
and helix-inserting capacity.
They find that increasing the
hydrophobicity of the helix
increases vesiculation. In ad-
dition, without PIP2 in a
negatively charged phospha-
tidylserine-rich membrane,
vesiculation does not occur,
confirming that correct fold-
ing of the terminal helices
and insertion are essential
for membrane fission. Thisresult also shows that membrane binding
alone to the negatively charged lipids in
the bilayer is not sufficient to cause
scission.
The amphipathic helices are often part
of a larger protein structure, including a
backbone domain, such as BAR, that
interacts differently with the underlying
membrane. To address the interplay
between helix insertion and scaffolding
by the domain, Boucrot et al. compare
different BAR-domain proteins with or
without terminal helices and a crescent-
shaped backbone. Using their cosedi-
mentation assay, they show that the
degree of vesiculation is directly corre-
lated with the number of amphipathic
helices. In fact, with no terminal helices
present, no vesiculation occurs. Keep-
ing the BAR domain of Endophilin un-
changed, they can shift the balance
between tubulation and vesiculation
by varying the hydrophobocity of the
terminal amphipathic helices. To further
strengthen their findings, they convert
b2-centaurin—a BAR-domain protein
with no amphipathic helices that nor-692 Developmental Cell 22, April 17, 2012 ª2mally extensively tubulates vesicles—
into a membrane fission-causing agent
by adding two terminal helices from
endophilin.
The findings of Boucrot et al. are
groundbreaking, calling into question
the dynamin-centric view of membrane
fission. They have shown that in
situations in which dynamin activity is
blocked at the membrane neck, epsin
is not able to rescue scission, whereas
its overexpression results in fission,
enabled by hydrophobic insertion, when
dynamin is depleted. They propose that
dynamin may actually stabilize and
protect bud necks and that only after
dynamin depolymerization is epsin able
to cause fission. Nonetheless, several
in vitro studies have shown that hydro-
lysis of dynamin-bound GTP can result
in membrane cleaving, even in the
absence of amphipathic helix-containing
proteins (see, for instance, Roux et al.,
2006). Thus, biologically, there is probably
some redundancy in the fission process.
It remains to be understood to what
extent fission depends on the individual012 Elsevier Inc.actions of the proteins
involved or requires their co-
operativity. It must be noted
that other helix-containing
proteins, such as Arf (Beck
et al., 2011) and Sar (Lee
et al., 2005), participate in dy-
namin-independent transport
pathways, for which the
fission mechanism has yet to
be identified. One may spec-
ulate that hydrophobic inser-
tions play a role here as well.
Finally, the finding of Boucrot
et al. that the BAR domain of
amphipathic helix-containing
proteins disfavors membrane
fission suggests a subtle
antagonism in the action of
these proteins. This opens
up a new line of questioning,
including what role the BAR
domain actually plays at the
necks of clathrin-coated vesi-cles, in combination with other fission-
specialized proteins.
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